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(57) An actuator comprising a drive arrangement 
(18 19 20) arranged to rotate a first drive member (14), 
the'first member (14) being in screw-threaded engage- 
ment with a second member (15), the second member 
(15) being in screw-threaded engagement wrth a third, 
output member (16), wherein the screw-threaded en- 
qaqement between the first and second members (14, 
15) is such that, when the first member rotates at a given 
speed relative to the second member, the second mem- 



ber (15) moves axially relative to the first member (14) 
at a first speed, the screw-threaded engagement be- 
tween the second and third members (15, 16) being 
such that, when the second member rotates at the said 
given speed relative to the third member, the third mem- 
ber (16) moves axially relative to the second member 
(15) at a second, higher speed. The invention also re- 
sides in an aircraft engine thrust reverser system utiliz- 
ing one or more of the above actuators (1 3) for deploying 
cowls (11 , 12) of the system. 
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D s ription 



[0001] This invention relates to an actuator, and in 
particular to an actuator arranged to be driven by an 
electric motor. The invention is particularly suitable for 
use in aerospace applications, for example in driving the 
cowls of a thrust reverser system between their stowed 
and deployed conditions. It will be appreciated, that the 
invention is also applicable to other applications for ex- 
ample driving aircraft flaps or moving hatch doors, and 
may be used in non-aerospace applications. 
[0002] A typical thrust reverser actuator is hydrauli- 
cally driven between stowed and actuated positions. In 
order to move a thrust reverser cowl of a thrust reverser 
system, an initial high force must be applied by the ac- 
tuator After the initial movement of the cowl, the applied 
force can be reduced. However, typically, the applied 
force is not significantly reduced, the force applied by 
the actuator remaining at substantially its initial high lev- 
el throughout the movement of the associated cowl. 
Clearly, this results in the system being relatively ineffi- 
cient. 

[0003] It is an object of the invention to provide an 
electrically driven actuator which obviates or mitigates 
this disadvantage. 

[0004] According to the present invention there is pro- 
vided an electrically driven actuator comprising a drive 
arrangement arranged to rotate a first, drive member, 
the first member being in screw-threaded engagement 
with a second member, the second member being in 
screw-threaded engagement with a third, output mem- 
ber wherein the screw-threaded engagement between 
thefirst and second members is such that, when the first 
member rotates at a given speed relative to the second 
member, the second member moves axially relative to 
the first member at a first speed, the screw-threaded en- 
gagement between the second and third members be- 
ing such that, when the second member rotates at the 
said given speed relative to the third member, the third 
member moves axially relative to the second member 
at a second, higher speed. 

[0005] Where such an actuator is used to drive a cowl 
forming part of a thrust reverser system from a stowed 
position to a deployed position, the initial load applied 
to the third member by the cowl is high and substantially 
prevents rotational movement of the second and third 
members. As the second and third members do not ro- 
tate rotation of the first member by the drive arrange- 
ment causes the second member to move axially at a 
low rate, thus commencing movement of the cowl. As 
the cowl moves, a point will be reached beyond which 
the load on the third member falls to a sufficiently low 
rate that relative movement between the second and 
third members can occur. Once this point is reached, 
the second member commences rotary movement with 
the first member, thus mov ment of the third member 
and the cowl occurs relative to the first and s cond 
members at a higher rate. 



rooOOi The second member conv niently comprises 
a dual rate nut, the first and third memb rs comprising 
first and s cond screw-threaded rods, the first rod and 
corresponding part of the dual rat nut being provid d 
s with fine pitch screw thr ads, the second rod and corre- 
sponding part of the dual rate nut being prov.ded with 
coarser pitch screw threads. 

[0007] Preferably the screw threaded mechanisms 
are ball-screw mechanisms. 
10 [0008] Desirably the relative axial movement of the 
first and second members is limited by abutment means 
whereafter in use continued rotation of the first member 
rotates the second member relative to the third member. 
[0009] The invention further relates to an actuator 
is system comprising a plurality of actuators of the type 
described hereinbefore, wherein the drive arrange- 
ments of the actuators are interconnected such that the 
actuators can be driven by a common electric motor. 
The invention still further resides in a thrust reverser sys- 
20 tern utilizing actuators or an actuator system as defined 
above for deploying cowls of the system. 
[001 0] The invention will further be described, by way 
of example, with reference to the accompanying draw- 
ings, in which:- 

Figure 1 is a diagrammatic perspective view of a 
thrust reverser actuator system and parts of a thrust 
reverser system; and 



so Figure 2 is a diagrammatic view of an actuator in 
accordance with an embodiment of the invention, 
the actuator forming part of the actuator system 
shown in Figure 1 

35 [0011] Figure 1 illustrates an actuator system 10 for 
use in controlling the operation of a thrust reverser sys- 
tem The thrust reverser system includes cowls 11. 12 
each of which is moveable between a stowed, inopera- 
tive position and a deployed, operative position. In use. 
40 when the thrust reverser system is inoperative, the 
cowls 1 1 , 1 2 are locked in their stowed positions. When 
the thrust reverser system is to be operated in order to 
redirect the engine thrust in order to apply a braking ac- 
tion to an aircraft, after landing, the cowls 11, 12 are 
45 moved to their deployed positions. The cowls 11 , 1 2 are 
moveable by means of actuators 13 forming part of the 
system 10 As illustrated, each cowl 11, 12 has three 
actuators 1 3 associated therewith It will be appreciated, 
however, that the invention is also applicable to arrange- 
so ments in which the cowls have fewer or a greater 
number of actuators associated therewith. 
[0012] As illustrated simplistically in Figure 2, each 
actuator 13 comprises a first member 14 in the form of 
a screw-threaded rod. the first member 14 being in 
55 screw-threaded engagement with a second member 1 5 
in the form of a dual rate nut. The second m mber 15 
also engages a third member 16 which comprises an- 
oth r screw-thr aded rod. The third member 16 is se- 
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cured to a mounting y 171or non-rotatabie connection 
to an appropriat xtension or formation forming part of 
the associated on of the cowls 11, 12. In practice it is 
probable that screw mechanism 14, 15 and th screw 
mechanism 15, 16 will be ball-screw mechanisms. 
[0013] The first member 14 is secured to the output 
shaft 18 of a drive arrangement. 19. The drive arrange- 
ment 1 9 comprises a gearbox which is driven by an input 
shaft 20 which, in use. may be connected to the output 
of an appropriate electrical motor 21. Alternatively, the 
input shaft 20 may be connected to a synchronizing 
member 22 which is driven at the same speed as the 
motor 21 by the drive arrangement 19 of another of the 
actuators 1 3. 

[0014] In the arrangement illustrated in Figure 1 , each 
of the cowls is arranged to be driven between its stowed 
position and its deployed position by three actuators 1 3. 
Two electric motors 21 are provided to drive each cowl. 
It will therefore be appreciated that the drive arrange- 
ments 1 9 of two of the actuators 1 3 associated with each 
cowl will be driven directly by the electric motors 21 , and 
that the third actuator 13 is driven through the synchro- 
nizing members 22. In addition to supplying drive to the 
third actuator 13, the synchronizing members 22 act to 
ensure that the drive arrangements 19 of all of the ac- 
tuators 13 are driven at substantially the same speed. 
[0015] A position sensor 23 is associated with the 
drive arrangement 19 of one of the actuators 13 asso- 
ciated with each cowl to provide an indication as to the 
position of the cowl. The synchronizing members 22 are 
each provided with a lock 24 which tray, if desired, be 
released in order to permit one of the actuators 1 3 to be 
moved independently of the other actuators 1 3 associ- 
ated with one of the cowls, for example, for maintenance 
purposes. 

[0016] As illustrated somewhat diagrammatically tn 
Figure 2, the first member 14 is provided with a helical 
screw thread which is of relatively fine pitch. The part of 
the second member 1 5 which engages the screw thread 
of the first member 14 is provided with a corresponding 
helical screw thread. The third member 16 is provided 
with a helical screw thread which is of relatively coarse 
pitch, and the part of the second member 15 which co- 
operates with the screw thread of the third member 16 
has a corresponding thread. 

[0017] Figure 2 illustrates the actuator 1 3 in its stowed 
condition. When it is desired to move the thrust reverser 
to its operative position, any locks associated with the 
thrust reverser are released, and the motors 21 are driv- 
en driving the drive arrangements 1 9 to cause rotation 
of each first member 14. It has been found that when 
the thrust reverser is in its stowed position, a load of 
large magnitude is applied to the actuators 13 by the 
cowls, tending to hold the thrust reverser in its stowed 
condition. The application of this load is transmitt d 
through the screw-threaded engagement b tw en th 
first, second and third members 14, 15, 16. As a r suit 
of the application of this larg load, and as a result of 



the provision of the relatively coars screw-threaded en- 
gagement betwe n the second and third m mbers 15, 
16, relative movement b tween these members does 
not occur. It will therefore be appreciated that upon ro- 
s tating the first m mber 14, relativ rotation occurs be- 
tween the first and second members 14, 15, and axial 
movement of the second member 1 5 relative to the first 
member 14 occurs. The speed of axial movement is rel- 
atively low due to the provision of the fine pitch of the 
10 screw-threaded engagement between the first and sec- 
ond members 14, 15. Also, as a result of the fine pitch 
of the screw-threaded engagement, the mechanism 14, 
15 has a relatively high mechanical advantage and so 
the actuator can apply a relatively large magnitude force 
15 to the associated cowl of the thrust reverser. 

[0018] As the cowl of the thrust reverser moves from 
its stowed position, the magnitude of the force applied 
by the cowl to the actuator 13 reduces, and a point will 
be reached beyond which the magnitude of the load falls 
20 to a sufficiently low level that relative rotation can occur 
between the second and third members 15, 16. The ax- 
ial length of the first member 14 is chosen such that the 
relative movement between the second and third mem- 
bers 15, 16 commences as the second member 15 
25 reaches an end stop 14a of the first member 14. Thus 
even if the fall in load is insufficient to promote relative 
rotation of the second and third members 15, 16, such 
relative rotation will occur with continued rotation of the 
member 14 as engagement of the member 15 with the 
30 stop 14a prevents further relative rotation of the mem- 
bers 14,15. The, continued rotation of the first member 
1 4 causes the second member 1 5 to rotate with the first 
member 14, and as the third member 16 is held against 
rotation by the cooperation between the eye 1 7 and the 
35 associated cowl, relative rotation occurs between the 
second and third members 15, 16. Such relative rotation 
causes the third member 16 to move axially relative to 
the second member 1 5, and this axial movement occurs 
at a relatively high speed due to the relatively coarse 
40 screw-threaded engagement between these compo- 
nents. Also as a result of the relatively coarse pitch of 
the engagement between the components 15, 16 the 
mechanism has a relatively low mechanical advantage 
and so the actuator 1 3 applies a correspondingly lower 
45 magnitude force to the cowl. 

[0019] Rotation of the first member 1 4 continues until 
the cowl associated with the actuator 13 has reached 
its deployed position. The motors 21 are then switched 
off and the cowls 11 , 12 are held in their deployed posi- 
50 tions. The member 16 may have a stop similar to the 
stop 14a of the member 14 at its innermost end to limit 
relative'extending movement of the member 16 relative 
to the member 15. 

[0020] When the thrust reverser is to be returned to 
55 its inoperative, stow d condition, th motors 21 are ro- 
tat d in the reverse direction first causing relativ rota- 
tion of the first and second members 14, 15 and thus 
moving the second and third members axially relative to 
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the first member 14, untii th second member abuts a 
stop (not shown) on the first member 14 similar to th 
stop 1 4a but positioned at the opposite end of th mem- 
ber 14 from the stop 14a. Thereafter continued rotation 
of the motors 21 causes relative rotation of the second 
and third members 15, 16, so that the third member 16 
moves axially relative to the first and second member 
14, 15 until the actuators 13 occupy the position illus- 
trated in Figure 2 in which the cowls are stowed, at which 
point the motors 21 are de-energised. As a precaution- 
ary measure further relative rotation of the second and 
third members 15, 16 may be prevented by a conven- 
iently positioned stop (not shown) on the member 16, or 
by the eye 17, abutting the member 15. 
[0021] Although the actuator is described hereinbe- 
fore with reference to the operation of an aircraft thrust 
reverse system, it will be appreciated that the actuator 
is suitable for use in other applications, for example in 
moving the flaps of an aircraft or for moving an aircraft 
hatch between open and closed positions. It will also be 
appreciated that the actuator may have non-aerospace 
applications. 



4 An actuator as claimed in any one ol the preceding 
claims, wherein the r lative axial movement of the 
first and second memb rs (14, 15) is limited by 
abutment means (14a) whereafter in use continued 
rotation of the first memb r (14) rotat s the s cond 
member (15) relative to the third member (16). 

5. An actuator system comprising a plurality of actua- 
tors (13) as claimed in any one of the preceding 
claims, wherein the drive arrangements of the ac- 
tuators are interconnected such that the actuators 
can be driven by a common motor 

6. An aircraft engine thrust reverser system utilizing 
one or more actuators (13) as claimed in any one 
of Claims 1 to 4, or an actuator system as claimed 
in claim 5, for deploying cowls (11. 12) of the sys- 
tem. 



Claims 

1. An actuator comprising a drive arrangement (18, 
1 9, 20) arranged to rotate a first drive member (14), 
the first member (14) being in screw-threaded en- 
gagement with a second member (15) and the ac- 
tuator being characterized by the second member 
(15) being in screw-threaded engagement with a 
third, output member (16), wherein the screw- 
threaded engagement between the first and second 
members (14, 15) is such that, when the first mem- 
ber rotates at a given speed relative to the second 
member, the second member (1 5) moves axially rel- 
ative to the first member (14) at a first speed, the 
screw-threaded engagement between the second 
and third members (15, 16) being such that, when 
the second member rotates at the said given speed 
relative to the third member, the third member (16) 
moves axially relative to the second member (15) 
at a second, higher speed. 

2. An actuator as claimed in Claim 1 , wherein said sec- 
ond member (1 5) comprises a dual rate nut, the first 
and third members comprising first and second 
screw-threaded rods (14, 16), the first rod and its 
corresponding part of the dual rate nut being pro- 
vided with fine pitch screw threads, the second rod 
and its corresponding part of the dual rate nut being 
provided with coarser pitch screw threads. 

3. An actuator as claimed in Claim 1 or Claim 2, where- 
in two scr w threaded mechanisms (14, 15; 15, 16) 
are ball-screw mechanisms. 
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